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Parkinson's disease (PD), a common neurodegenerative movement disorder, affects adults of all ages, particularly those over age 65. It is diagnosed based on the motor manifestations of the disease. Over the last 40 years, l-dopa has emerged as the mainstay of treatment, though not all motor deficits respond equally to dopamine replacement. Some features, including tremor, rigidity, bradykinesia, and masked facial expression respond well to levodopa, while other features including axial motor impairment and speech dysfunction do not respond as well to dopaminergic medications. The former may be due to focal nigral dopaminergic cell loss while the latter may be due to ABSTRACT: Background: Age-related brain changes may contribute to axial features in Parkinson's disease (PD). Objectives: To determine if ventricular volume and white matter high signal changes (WMC) are related to motor signs in PD and controls independent of age. Methods: Patients were rated with the Unified Parkinson's Disease Rating Scale (subscore A: tremor, rigidity, bradykinesia, and facial expression; subscore B: speech and axial impairment). Steps and time taken to walk 9.144 meters were measured. Total ventricular volume (TVV) and intracranial volume (ICV) were measured on T1-weighted MRI using manual tracing software. WMC were rated on axial T2-weighted, dual-echo or FLAIR MR images using a visual scale. Results: TVV (cm 3 ) (PD: 36.48 ± 15.93; controls: 32.16 ± 14.20, p = 0.21) and WMC did not differ between groups (PD: 3.7 ± 4.2; controls: 3.2 ± 3.1, p = 0.55). Age correlated positively with ICV-corrected TVV and WMC in PD (cTVV: r = 0.48, p = 0.003; WMC: r=0.42, p=0.01) and controls (cTVV: r = 0.31, p = 0.04; WMC: r=0.44, p=0.003). Subscore B (r = 0.42, p = 0.01) but not subscore A (r = 0.25, p = 0.14) correlated with cTVV in PD. Steps and walking time correlated with cTVV and WMC in PD; cadence correlated with cTVV and steps with WMC in controls. Age-adjustment eliminated correlations. Conclusion: Subscore B, but not subscore A correlated positively with ventricular volume in PD, though this association was accounted for by age. Age-related brain change super-imposed on PD may contribute to axial features.
Ventricular enlargement reflects central brain atrophy, which occurs with aging and white matter disease, and is associated with gait impairment 5, 6 and parkinsonian signs. 7 The size of the ventricles has been evaluated in PD with computed tomography (CT) [8] [9] [10] and magnetic resonance imaging (MRI). [11] [12] [13] Previous studies considering the ventricles in PD using MRI either used linear techniques, 11 lacked control groups, 11, 13 or did not calculate the absolute ventricular volumes. 12 In addition, studies of ventricular volumes in PD have not examined white matter changes, which are also associated with aging. In studies that have examined white matter changes specifically in PD, they have been associated with rapid progression 14 and dementia. 15 Studies assessing the relationship between PD symptomatology and aging have grouped symptoms and signs from the Unified Parkinson's Disease Rating Scale (UPDRS) into tremordominant (TD) and postural instability-gait difficulty-dominant (PIGD) PD. 16 It has been shown that the PIGD group has a more rapid rate of symptom progression 17 and cognitive decline 18 than the TD group. An analogous way of grouping UPDRS signs is into subscore A (which largely correlates with dopamineresponsive features and manifests as non-axial impairment) and subscore B (which largely correlates to dopamine nonresponsive dysfunction and manifests as axial impairment). 2 Levy et al 2, 19 found that age contributes to disease severity, particularly axial impairment, reflected in subscore B.
Given the strong relationship between age, ventricular volume and white matter disease, we compared ventricular volumes and white matter high signal changes between PD patients and age-matched controls to determine if PD was associated with increased ventricular size or severity of white matter hyperintense lesions. In addition, we determined the relationship between ventricular size, white matter disease, and motor manifestations of PD. We also examined the relationship between age and these MRI measures and quantified gait in PD and controls. Lastly, we adjusted for age to determine the extent to which age itself drove any observed relationships. We hypothesized that in PD ventricular volumes would correlate with subscore B, reflecting axial impairment and that this relationship would be partially accounted for by age and white matter disease. We anticipated that gait measures would show parallel changes.
METHODS

Participants
Thirty-six patients with PD were recruited from the Movement Disorders Clinic at the University of Alberta. Fortythree control subjects were recruited from the community by advertisement or word of mouth. Patients and controls provided informed consent for a University of Alberta Health Ethics Review Board approved protocol. Inclusion criteria for the PD group included: ability to speak English, UK PD Society Brain Bank Clinical Diagnosis Criteria for parkinsonism (at least 2 of tremor, rigidity, bradykinesia), 20 Hoehn and Yahr Rating Scale (HYS) 21 score of 1 to 4 when 'off,' Clinical Dementia Rating Scale (CDR) 22 score of <1.0 (if 0.5, no functional impairment on the basis of cognitive function), Mini-Mental Status Exam (MMSE) 23 score of >23, independent ambulation with or without walking aids, ability and willingness to comply with assessments, use of stable doses of medications for at least one month, a reliable informant, and informed consent. In order to maximize the likelihood that a patient had idiopathic PD, all patients had an established diagnosis of PD and the diagnosis was reviewed by a movement disorder specialist (RC). No patient had cerebellar signs, early autonomic dysfunction or supranuclear gaze palsy. Exclusion criteria included: unstable medical conditions or conditions that affect cognition (e.g., recent myocardial infarction, active angina, congestive heart failure), medications with direct cognitive effects, severe depression or psychosis requiring treatment changes, dementia by DSM-IV criteria, 24 use of cognitive enhancing drugs within one month, central nervous system disease with cognitive sequelae, active cancer, alcoholism or drug abuse, or contraindications to MRI. Criteria for the control group were identical to the PD group, except that they did not have PD. People with MRI scans available for both volumetric and white matter rating were included.
Clinical Measures
Overall disease severity was staged using the HYS. Symptoms and signs of PD were assessed using the UPDRS. 25 Patients rated "on" and "off" symptoms (UPDRS2), but were examined when in the "on" state 1.0 -3.0 hours after taking their usual medications. Total UPDRS (sum of UPDRS 1, 2, and 3) and the motor subscale of the UPDRS (UPDRS3) were rated by a neurologist specialized in movement disorders (RC). UPDRS3 sub-scores for tremor, rigidity, bradykinesia, and facial expression were summed to yield subscore A (maximum score: 88) while sub-scores for speech and axial impairment were summed to yield subscore B (maximum score: 20) as previously published. 2 The gait task has been described elsewhere. 6 Briefly, subjects walked 9.144m, including a turn at the mid-point, at a self-selected pace. The time and number of steps were recorded. Number of steps, time, and cadence are means from two trials.
Cognitive Measures
Cognitive function was assessed by the Dementia Rating Scale 26 and the MMSE. The CDR rating was based on subject/caregiver interviews.
Imaging
The MRI was performed on a Siemens Sonata 1.5T system with subjects in the "on" state. A coronal 3-D magnetization prepared rapid acquisition gradient echo sequence (TR = 1800ms, TE = 3.82ms, inversion time (TI) = 1100ms, 1 average, flip angle = 15 degrees, FOV = 256mm, resolution = 256X256, 128 slices, 1.5mm slice thickness) aligned to the anterior commissure-posterior commissure line was used for manual tracing. White matter changes were rated either with an axial dual-echo sequence (TR=6330ms, TE=24/83 ms, 1 average, FOV=240mm, 50 slices, 3mm), or with the combination of an axial T2-weighted sequence (TR=7000ms, TE=99ms, 2 averages, FOV=220mm, 25 slices, 5mm slice thickness) and an axial FLAIR sequence (TR=8000ms, TE=94ms, 1 average, FOV=220mm, 25 slices, 5mm slice thickness).
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Volumetric Measurement
Intracranial, and lateral and third ventricular volumes were measured using the software program DISPLAY (available online at http://www.bic.mni.mcgill.ca/software/distribution) while obeying strict previously published anatomic boundaries. [27] [28] [29] Lateral and third ventricular volumes were summed to yield total ventricular volume (TVV) which was corrected for intracranial volume (ICV) (cTVV).
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White Matter Disease Rating
White matter changes were rated using a published rating scale amenable to use with various imaging modalities. 31 In brief, lesions were rated in the right and left frontal, parietooccipital, temporal and infra-tentorial brain areas on a four level scale with a score of 0 representing no white matter changes or well-defined caps or bands, 1 indicating focal lesions, 2 indicating beginning confluent lesions and 3 indicating confluent lesions. The right and left basal ganglia were also rated, with a score of 0 representing no lesion, 1 indicating one focal lesion (>5 mm), 2 indicating more than one focal lesion, and 3 indicating confluent involvement. The total white matter score for all areas, right and left, was used in analyses. The scores could range from 0 to a maximum of 30. One rater (DJE, a board certified neuroradiologist) rated all the scans from the current study in order to avoid potential systematic biases in rating.
Data Analysis
Intra and inter-rater reliability for volume measurements were determined using a two-way mixed effect model (absolute agreement) intra-class correlation coefficient (ICC) from five randomly selected scans traced by two raters (HA and TB). The same statistics were used to assess reliability for rating white matter disease severity between two raters (RC and DJE) independently on 36 scans. Analysis of variance (ANOVA) was performed to assess between group differences. Correlations were calculated using bivariate and multivariable linear regression models. Age, cTVV and white matter were used in correlation analyses and colinearity was examined. A "UPDRS2 off -on" score was calculated as follows: (UPDRS2 off -UPDRS2 on)/UPDRS2 off. Comparisons between regression lines were performed by using Student's t-test to compare the slope and y-intercept of the lines. 32 All statistical analyses were carried out with SPSS 13.0 and Microsoft Excel. The threshold for statistical significance was set at p < 0.05.
RESULTS
Demographics
The groups were well-matched for age, education, height and sex (Table 1) .
Clinical Characteristics
Groups did not differ on the MMSE (range for PD = 25-30, range for controls = 24-30) nor the Dementia Rating Scale (range for PD = 129-144, range for controls = 130-144). Mean severity of disease assessed by HYS was mild to moderate on average. No subject was demented. Differences in cadence and steps were not statistically significant, though PD subjects took significantly more time to complete the gait task (Table 1) .
Volumetric and White Matter Measures
The ICCs were excellent for ICV (1.00), left lateral (0.99), right lateral (0.99), and TVV (0.99), but lower for the third ventricular volume (0.62). TVV was normalized for ICV to eliminate differences in ventricular volume due to head size (cTVV). Table 2 shows raw ICV and ventricular volumes with pvalues for both raw and corrected volumes. Volumes did not differ between groups.
The ICC for white matter rating was very good (0.80). Total white matter severity scores (controls: 3.2 ± 3.1; PD patients: 3.7 ± 4.2, p=0.55) did not differ between groups. Moreover, the proportion of subjects with white matter changes was not different between groups (p = 0.47): 75% of PD subjects and 67% of controls had white matter changes. White matter severity correlated with cTVV (r = 0.39, p=0.02) in patients, but not controls (r = 0.10, p=0.54).
Correlations
Effect of age on ventricular volume and white matter high signal in PD and controls. Age correlated positively with cTVV and white matter disease severity in PD (cTVV r = 0.48, p = 0.003; white matter r = 0.42, p = 0.01) and controls (cTVV r = 0.31, p = 0.04; white matter r = 0.44, p = 0.003). The best fit lines produced by linear regression for cTVV were not different between groups (Figure) . Age, ventricular volume and white matter disease were correlated in the overall group. Age correlated most strongly with cTVV (r = 0.37, p = 0.001) and white matter rating (r = 0.41, p < 0.001), with a weaker correlation between cTVV and white matter rating (r = 0.28, p = 0.01).
Disease and treatment-related correlations
The total UPDRS and UPDRS3 scores were not significantly associated with disease duration (r = 0.05, p = 0.80; r = -0.01, p = 0.94) or dopaminergic medication dosages (r = -0.22, p = 0.26; r = -0.15, p = 0.45). Disease duration was correlated with subscore B (r = 0.37, p = 0.03), but not with subscore A (r = -0.15, p =0.38).
Subscores A and B; Correlations in PD
The UPDRS2 off -on score correlated negatively with subscore A (r = -0.46, p = 0.006), but not with subscore B (r = -0.26, p = 0.13), cTVV (r = -0.30, p = 0.08), nor white matter severity (r = -0.22, p = 0.21).
Age and cTVV both correlated positively with total UPDRS, UPDRS3 and subscore B, but not with subscore A. White matter rating did not correlate with total UPDRS, UPDRS3 or subscore A, but showed a non-significant trend with subscore B (r = 0.29, p = 0.09). A multivariable linear regression with age, height and education as covariates was significant (r = 0.71, p < 0.001). When cTVV and white matter severity were added as independent variables, age remained significant, while neither cTTV nor white matter severity added significantly to the model (r = 0.72, p < 0.001).
Correlations with Gait and Balance
In PD, the cTVV and white matter rating correlated positively with the number of steps and walking time to complete the gait task, but not with cadence. Age correlated positively with steps and walking time, and negatively to average cadence (see Table  3 ).
In controls, steps and walking time did not correlate significantly with cTVV. Cadence correlated negatively with cTVV (r = -0.32, p = 0.04). Walking time and cadence did not correlate with white matter change. Steps correlated significantly with white matter change (r = 0.36, p = 0.02). Age was correlated to steps (r = 0.35, p = 0.02), walking time (r = 0.34, p = 0.03) and cadence (r = -0.35, p = 0.02).
Correlations were no longer significant after adjusting for age, height and education (data not shown).
DISCUSSION
In this study, we reliably measured ventricular volumes and white matter changes in PD and controls and examined their relationship to age and clinical motor measures. There were no volumetric or white matter differences between groups, consistent with most other studies. 15, 33, 34 Our results suggest that there was no differential ventricular enlargement or increased prevalence of white matter high signal lesions due to the presence of PD in contrast with some studies. 8, 10, 14, 35, 36 Ventricular enlargement is known to occur in healthy aging. 37 We found positive correlations between age and ventricular volumes in both groups, consistent with previous studies. 7, 36 There was no difference in the regression lines of age versus cTVV, 32 indicating age-effects in both groups. In a longitudinal study, Hu et al 12 found no increase in ventricular volume in controls (n = 12, mean age = 72) but a mean increase of 1.23 ml 3 per year in PD (n = 8, mean age = 64) over two years using an image subtraction method. Further longitudinal study in a larger sample is needed to analyze rates of change. By excluding subjects with dementia we would eliminate subjects with advanced PD, who might show more ventricular dilatation.
Ventricular volumes in PD positively correlated with subscore B, which has been previously described to reflect predominantly axial impairment and non-dopaminergic dysfunction, 2 but not with subscore A which has been previously shown to reflect predominantly non-axial impairment and dopaminergic dysfunction. 2 The literature so far is contradictory on this point. Schneider et al, 7 using linear methods, noted that worse cerebral atrophy predicted a poorer response to L-Dopa, while Alegret et al 13 found no relationship between central atrophy and motor signs (N = 14, mean age = 60 years). While we considered the subscores separately, Alegret et al examined all UPDRS measures together, and examined relatively few subjects, which may partially account for the discrepancies. Additionally, we examined patients in the "on" state, which may have limited our ability to reliably assess the non-axial features. The UPDRS2 off -on score provides an estimate of dopamine responsivity by history. The correlation of this score with subscore A, but not with subscore B nor cTVV suggests that the subscores are valid. While white matter changes were correlated with age and cTVV, they were not clearly associated with UPDRS derived measures. Given that there were significant inter-correlations between age, ventricular volumes and white matter high signal changes, our ability to separate the relative effects of age from MRI measures in PD was obscured. Nevertheless, the data support an important contribution of age to axial motor measures in PD.
We additionally evaluated simple clinical gait parameters. 6 Our findings that PD subjects had similar cadence to controls is consistent with the literature in patients with mild to moderate PD (HYS range 1.0 -3.0). 38 In PD, cTVV and white matter rating both correlated with steps and time, but not cadence, while in controls cTVV correlated with cadence, white matter rating with steps, but neither MRI measure correlated with time. Age generally correlated with worse gait measures in PD and controls and adjustment for age eliminated all correlations.
Previous studies that have examined white matter changes in PD have suggested an association with poor dopamine response, 39 rapid progression, 14 and cognitive impairment. 15 Some studies have suggested an increased prevalence of vascular pathology in PD, 40 including periventricular change. 14 This may have been missed in our sample given a modest sample size and the fact that we did not separate periventricular from deep white matter change. Regardless, our data suggest a significant age effect that contributes to PD reflected, in part, by ventricular dilatation and white matter change. Of interest, a recent study suggested that levodopa refractory patients with parkinsonism and white matter changes do not improve as much from rehabilitation as those with parkinsonism without white matter changes. 41 It is established that PD pathology extends beyond the substantia nigra and that non-dopaminergic systems are affected. 1, 3 These may be related to subscores A and B, respectively. 2 Dissociation between dopamine responsive and dopamine non-responsive features is a longstanding idea 3, 42 and motivated us to examine the relationship of ventricular volume and white matter changes with these groups separately via subscores A and B. The correlation between subscore B and ventricular volumes in our sample was accounted for by age, consistent with clinical studies that show an age effect on severity of parkinsonism. 5, 43 Subscore A, conversely, was not related to ventricular volume, consistent with the notion that dopaminergic lesions characteristic of PD may be responsible for those signs.
These results are in keeping with (and provide imaging correlates for) the hypothesis laid out by Levy et al 2 that age is a major contributor to subscore B. Our findings suggest a role for age-related ventricular enlargement and possibly white matter changes in the symptomatology of PD. The mechanism by which aging and its imaging correlates affect motor signs is unclear. Longitudinal follow-up is necessary to determine if imaging changes would predict a more rapid rate of disease progression and/or cognitive decline, as has been shown for the PIGD subtype of PD. 17, 18 We studied a group of PD and well-matched controls using highly reliable MRI techniques. Our volumetric approach avoided the problems of the previous literature which used linear methods to estimate ventricular sizes. Parkinsonism was rated using a standard clinical scale (UPDRS) to quantify the symptoms of PD which allows ease of interpretation of the severity of symptoms in our cohort. While we grouped signs as subscore A and B, we did not directly measure dopaminergic response. Like the majority of studies in the literature, our study was cross-sectional. Moreover, as in most case-control designs, sampling bias might lead to selection of healthier subjects in both the patient and in the control groups. Lastly, the age-range of our cohort was relatively narrow compared to some studies. Collectively, these factors may have prevented us from finding a stronger correlation between age and ventricular volume or white matter disease.
In conclusion, there was no difference in ventricular volumes and severity of white matter changes between PD and controls. Age-associated imaging changes were associated with axial motor features in PD. Longitudinal follow-up and larger samples will be required to separate age-effects from age-associated ventricular change and white matter disease. 
